Context: There is abundant literature on the application of UML Use Cases. However, the impact that these applications have had on real projects (in industry) is not well known. It is necessary to know what the impact of the Use Cases really is, so that both, researchers and professionals can make the most pertinent decisions.
Introduction
Use Cases are defined as a mechanism to elicit, to specify and to validate software requirements [1] . A Use Case describe the requirements of a system in terms of the main actors (external elements that interact with the system) and their goals [2] . Traditionally, Use Cases have been used to represent the functionality of a system, but they can also help to elicit requirements such as Reliability, Safety, Security, and Usability (Non Functional Requirements) [1] . The granularity of Use Cases, in terms of their structure, has made them useful not only during the requirements elicitation/validation process, but also in several software development life-cycle activities, such as planning and estimation [3] [4] [5] , analysis model generation [2, [6] [7] [8] [9] , and test case generation [10] [11] [12] .
While the application of Use Cases in software engineering is well documented by abundant reports in journals and conferences [13] [14] [15] [16] [17] , there are few systematic studies reporting their benefits and the impact they had in industry settings. For practitioners, it is important to have information regarding the effect that Use Cases will have on their projects, for example their impact on cost and development time. This information will allow them to make better decisions and achieve management support more easily. On the other hand, researchers need to validate their theoretical proposals in real projects. The result of the adoption of techniques and tools in the industry provides important information to decide on future lines of research.
In recent years, the paradigm of Evidence-Based Software Engineering (EBSE) and its two main research methods, the systematic mapping studies (SMS) and the systematic literature reviews (SLR) have gained great notoriety [18] [19] [20] [21] . Both tools provide a research method that systematically identifies, classifies and analyses the data reported in scientific publications (the evidence). The main goal of a SMS is to identify and classify the existent data [22, 23] , while a SLR aims to synthesize new information based on the extracted data [24] [25] [26] [27] .
This work presents a SMS aimed at identifying and classifying the impact of using Use Cases in real-world software development projects. The contributions of this study are:
• C1: Identify the impact on software development due to the application of Use Cases technology, • C2: Classify the impacts according to their outcome (advantage or disadvantage) and the context were they have occurred (industry's domain), • C3: Identify research gaps in the existing literature and therefore, helps to plan for future research, • C4: Highlight some demographic data, such as active researchers, organizations and countries, and most frequent publication venues.
The rest of the study is structured as follows: section 2 presents the related work and briefly analyse the conclusions of other secondary studies; section 3 depicts the research method and details the protocol that was followed to guide the main activities of this study; section 4 shows, analyses and discusses the results. Section 5 review the threats to validity and, finally, section 6 presents the conclusions and proposals for future work.
Tiwari and Gupta [29] conducted a systematic literature review to report the advancements about the Use Case specification research. The study analysed 119 primary papers published between 1992 and February 2014. Four research questions were formulated in order to identify: (i) the evolution of the Use Cases, (ii) their applications, (iii) quality assessments and (iv) open issues and future directions. The results of the study revealed that twenty different instances of Use Cases have been proposed in different contexts and for different purposes. The authors conclude that the applicability of Use Cases in a specific context needs to be investigated in more detail. The authors also reported several open issues, challenges and future directions, specifically, they highlighted the need to analyse the industrial relevance of the Use Cases.
In 2016, Qazi, Rauf and Minhas [10] conducted a systematic literature review of Use Cases based software testing techniques. Their goal was to synthesize the approaches (RQ1) to Use Cases based software testing by means of several parameters (RQ2). The study analysed 45 primary papers from 2001 to 2010. The approaches (RQ1) were categorized according to their strengths (proposed steps, tool support and level of testing) and weaknesses (complexity in terms of cost, time and training). The analysed parameters (RQ2) included level of testing, used algorithm, tool support, level of automation, software domain and complexity metrics, among others. The authors conclude that Use Cases can help to conduct requirements based testing, system testing at high-level design (software architecture) and low-level design (integration testing).
El-Attar and Miller [30] conducted a systematic literature review to identify and combine guidelines, suggestions and techniques, provided by researchers and practitioners, to construct high quality Use Case models. They gathered information about: a) UC modelling, its notation, syntactical rules and semantics; b) how to apply UC modelling, best practices, quality attributes and patterns; and c) pitfalls, mistakes and poor quality attributes. The study focused in five quality attributes of a UC model: consistency, correctness and completeness, fault-free, analytical and understandability. Eighty-four primary papers were selected and analysed to produce a final list of 61 unique rules (heuristics), which were finally compiled into a set of 21 anti-patterns (what not to do in UC modelling). Table 1 shows a summary of key issues extracted from the related works analysed in this section. Our work differs from these studies in the following aspects:
• It focuses on real-world industrial environments, where there is a clear lack of empirical data.
• All the reported impacts (positive and negative) were included (open list), and • The period considered is up to September 30, 2018. 
Research method
We followed the guidelines in [19, 23] to plan and conduct this SMS. Recommendations for the reporting were taken from [31] . The next sections present the general goal and research questions and details the steps of the conducting phase.
Specify goal and research questions
The goal of this mapping study was established as:
Identify and classify the impacts of using Use Cases in real-world software development projects
From this goal, we derived a set of Research Questions (RQs) and Demographic Questions (DQs) as suggested in [32, 33] . [34] . Therefore, the industry has been in possession of this powerful technique for more than 30 years. However, it is still unknown what the advantages and the disadvantages (RQ1) are associated with the application of the Use Cases in real software development projects [35] , that is, in industrial environments (RQ2) [36] . The answers to these questions will help practitioners make sound, evidence-based decisions to improve the performance of their development processes and the quality of the final products. Finally, as researchers, we need to know the quality of the data we are using. For this purpose, the questions RQ3 and RQ4 allow investigating in the formal scientific aspects of the primary works, analysing both the research method used and the potential threats to the validity. Rationale: Demographics typically represent characteristics of a population (population here refers to the domain information about Use Case research). The rationale behind each of the DQs includes characteristics such as active researchers, active organisations (clustered by their type: academy or industry), active countries, and top publication venues (including journals and conferences). This set of DQs is frequently suggested in several guidelines related to the preparation of secondary studies [27, 33, 37, 38] .
Research questions
To help us classify the different research types reported in the primary studies, we have developed a list of conditions and the values that must be met to select the proper research type. Table 2 shows these conditions and help to decide whether a primary paper reports on one of the research types proposed by Wieringa et al. [39] . Notice, for example, that the only difference between Evaluation and Validation research is the value of the first condition (first row: "Used in practice"). Since our study focuses on the application of Use Cases in real world projects, the condition "Used in practice" (first row in Table 2 ) should be true (T) or irrelevant (*). Therefore, the possible values for type of research in our set of selected studies are Evaluation research, Solution proposal or Experience report (grey coloured cells in Table 2 ). The meaning of the "conditions" (first column in Table 2 ) is as follows [39] :
 "Used in practice": This is the investigation of a problem in RE practice or an implementation of an RE technique in practice (not in a lab or in an academic context).
 "Novel solution": The technique must be novel, or at least a significant improvement of an existing technique.
 "Empirical evaluation": Causal properties are studied empirically, such as by case study, field study, field experiment, survey, etc. Logical properties are studied by conceptual means, such as by mathematics or logic.
 "Conceptual framework": These Papers sketch a new way of looking at things.  "Author's opinion": report the author's opinion about what is wrong or good about something.  "Author's experience": In these papers, the emphasis is on what and not on why. The experience may concern one or more projects, but it must be the author's personal experience. The paper should contain a list of lessons learned. Papers in this category will often come from industry practitioners or from researchers who have tried their tools or methods in practice.
Search for primary studies
The search consists of two different strategies: Automated search ran in publishers and indexers databases and backward and forward snowballing using the studies selected by the automated search as seeds. Figure  1 summarizes the search process and shows the results obtained from each strategy. 
Automated search
To conduct the automated search, a search string was built. Special care was taken in this step, since it has been reported that systematic reviews fail because of an inadequate search string construction [40] [41] [42] [43] [44] .
To create the search string, we first derived the major search terms from the main goal and the set of RQs and DQs. After that, we conducted a pilot search in SCOPUS, using these major terms to identify other relevant keywords, synonyms and alternative spellings. Finally, we applied the PICOC method (Population, Intervention, Comparison, Outcome and Context), as suggested by Kitchenham et al. [19] and connect the resulting terms using Boolean operators. The extracted key terms were:
• Goal: impact, Use Case.
• RQ1: benefit, advantage, increase, improve, increment, disadvantage, decrease, decrement.
• RQ2: industry, firm, business, organization, company.
• DQ4: journal, conference, workshop.
The goal of our study is to assess the impact of Use Cases (both, advantages and disadvantages) in real-world scenarios. RQ1 directly address this goal, while RQ2 is aimed to describe the context. RQ3 and RQ4 are aimed to evaluate the quality of the retrieved evidence (do not add to search key terms). Similarly, for DQs, answers can only be found after the identification of primary studies (no need to derive search key terms for them), except for DQ4, which has been used as a filter (in the search) and as a classification facet.
PICOC distribution of key terms and extra terms to limit the Context facet:
• Population: Use Cases.
• Outcomes: impact, benefit, advantage, increase, improve, increment, disadvantage, decrease, decrement.
• Context: industry, firm, business, organization, company.
• Limits: journal article OR conference paper; subject area: computer science; Language: English. To avoid bias we included four complementary electronic data sources (EDS) which are well known among researchers and academics: ACM Digital Library (ACM DL), IEEE Xplore, SCOPUS and Web of Science, as suggested in [45] . The first two covered the most important journals and conferences in the field of software engineering [41] , while the last two are recognized as the largest general indexing services, including papers published by ACM, IEEE, Elsevier, Springer and Wiley [46] . Finally, we tailored the search string. Table 3 shows the final syntaxes for each EDS, given their particular query language and searching restrictions. 
EDS
Search string ACM DL query: { ( "Use Case" ) AND ( impact* OR benefit OR *advantage OR *creas* OR improve* OR *crement* ) AND ( industr* OR business OR organization OR firm OR compan* ) } IEEE Xplore ("Abstract":"Use Case") AND ("Abstract":impact OR "Abstract":benefit OR "Abstract":*advantage OR "Abstract":*creas* OR "Abstract":improve*) SCOPUS TITLE-ABS-KEY ( ( "Use Case" ) AND ( impact* OR benefit OR *advantage OR *creas* OR improve* OR *crement* ) AND ( industr* OR business OR organization OR firm OR compan* ) ) AND ( LIMIT-TO ( DOCTYPE , "cp " ) OR LIMIT-TO ( DOCTYPE , " ar " ) ) AND ( LIMIT-TO ( SUBJAREA , "COMP " ) ) AND ( LIMIT-TO ( LANGUAGE , "English " ) ) Web of Science TS=(("Use Case") AND ( impact* OR benefit OR *advantage OR *creas* OR improve* OR *crement* ) AND ( industr* OR business OR organization OR firm OR compan* )). Refined by: WEB OF SCIENCE CATEGORIES: ( COMPUTER SCIENCE SOFTWARE ENGINEERING ) Table 4 shows the outcomes from the automated search strategy. 
Snowballing search
Snowballing refers to the process of using the reference list of a paper (backward snowballing) or the citations to this paper (forward snowballing) to identify additional papers. We conducted a snowballing search using the papers selected from the automated search strategy as the initial set of seeds, following the guidelines proposed in [47] .
The backward strategy retrieved 1,146 works, while additional 470 papers came from the forward process. We removed 242 duplicates. Three iterations were needed to complete the snowballing process. The final output was 19 works added to the set of previously selected papers. Table 5 presents the summary of the outputs from this search strategy. 
Selection of primary studies
We started by eliminating duplicates in the set of retrieved papers. This preliminary task ensures that we do not analyse the same paper more than once. After that, all papers were gathered into a single spreadsheet and a two-step process was performed:
Step 1: the results were screened on title, keywords, and metadata only, to exclude papers filling any of the following EC (Exclusion Criterion):
• EC1: Not written in English, • EC2: Short paper (less than 4 pages length)
• EC3: Not peer-reviewed publication,
• EC4: Not a primary study (secondary/tertiary studies were analysed in the related work section),
• EC5: Books, editorials, tutorials, panels, poster sessions, prefaces, opinions, letters, slides, key notes, web pages, forewords and any other work that can be considered as grey literature, • EC6: PhD or Master Theses, under the assumption that relevant publications, resulting from the research covered by these studies, were already published as research papers on peer-reviewed venues.
• EC7: for studies having conference and journal versions, we excluded the oldest one (normally the Conference version); if they have the same date, then we excluded the less detailed one.
Step 2: Papers not excluded by Step 1 were evaluated based on their abstracts and, if necessary on a full-text reading, to exclude those that were not within the scope, i.e., irrelevant papers that were retrieved due to poor execution of the search strategies. This scope criterion was subdivided into three complementary criteria: The application of the exclusion criteria was done by:
• One reviewer, to conduct the removal of duplicates (first author) • A pair of reviewers, to conduct Step 1 (first and second author) • Two pairs of reviewers, to conduct Step 2: one pair (second and third author) analysed the first half of the selected papers from Step 1 and the second pair (first and third author) the other half. On a second round, the pairs of reviewers interchange their assigned halves. To deal with disagreements, we applied the inclusive criteria proposed in [23] . For example, if one Reviewer is uncertain about excluding a paper and the other Reviewer consider that the paper should be included (category "B"), the paper is included. The only categories that implies the exclusion of a paper are "E" (one of the Reviewers vote for Exclusion and the other Reviewer is Uncertain) and "F" (both Reviewers vote for Exclusion) (see grey colour cells in Table 6 ). Table 7 shows the results of the selection process. The full references of the selected papers are listed in Appendix I. 
Data extraction
We developed a Data Extraction Form (DEF) to gather all the data extracted from the selected primary works. A template was used to organize the items of interest. Reviewers, who performed the data extraction process, added a comment to every cell with the rationale for their decision. The data extraction form, plus the search results and all the references, are offered online to interested readers as complementary material to this study (http://doi.org/10.6084/m9.figshare.7959425).
In addition to this, we devised a protocol to reduce individual bias (a frequent validity threat) during the data extraction process. The protocol stablished the following steps:
1. The set of selected primary works should be divided into two halves (H1 and H2), 2. Two reviewers (r1 and r2), independently, will extract data from H1, 3. A reviewer (r0) will compare outputs from reviewers, integrate results and resolve possible conflicts, 4.
Step 2 is repeated with reviewers r1 and r2 working in H2. Finally, step 3 will be executed again until an agreement is reached.
We have clustered the data extracted to answer RQ1 into eight categories. Table 8 shows the primary selected studies belonging to each of these categories. The meaning of the identified categories is as follows:
 Estimation: the usefulness of Use Cases for assessing the early project estimate of the cost and effort;
 Analysis: better communication between stakeholders thanks to the structure and semantics of Use Cases. Consistency improvement (semantic and syntactic) among different models and supports in gathering a complete set of requirements for the system under construction; 
Results and discussion
Results from the data extraction process are reported and analysed in this section. We found a duplicate paper in the original set of selected papers (48 papers) while conducting the data extraction, so our final set consisted of 47 primary works (they are listed in Appendix I).
The systematic mapping study was conducted following the guidelines in [19, 23] . For reproducibility of this study, care was taken to document the steps of the research protocol. Two complementary search strategies were used: a) automated search conducted in four publishers and indexers databases and b) backward and forward snowballing. The search strategies retrieved 5,805 papers and a set of 47 primary works were selected after the application of the inclusion/exclusion criteria. This relatively low number of selected works raises questions as to whether the results can be objectively generalized (a validity threat). Fortunately, the data extraction showed that the sample of selected papers had a wide coverage, including a good representation of advantages, disadvantages, application domains (industries), years, authors and organizations.
The results presented in the following sections may seem superficial or obvious. However, the goal of an SMS is to collect evidence that can corroborate or disprove beliefs about reality. Under this premise, we have reported the evidences found, objectively, following a systematic method. The following results are based on evidence, not false beliefs or personal opinions.
4.1. Which are the most frequently reported advantages/strengths of using Use Cases in software development in real-world settings?
We classified the reported benefits in eight categories, regarding the activity where the application of Use Cases have had the impact (see Table 8 ). The areas of Reuse and Software Product Lines (SPL) also obtain advantages when adopting Use Cases [48] . Use Cases are able to describe the common characteristics of all the products belonging to a product line and the variations that differentiate them [SP13 and SP38] . In [SP22] the authors propose a Use Case-centric product line modelling method that automated generation of product-specific Use Cases and domain models. The work in [SP41] describe a well-defined procedure for deriving functional architecture from Use Cases that can lead to reusable models. Finally, in [SP46] , authors integrate an existing approach for modelling security and privacy requirements, in terms of security threats, their mitigations, and their relations to Use Cases in a misUse Case diagram. The key characteristic of this method is that it captures threat scenarios and mitigation schemes in an explicit and structured form, thus enabling both automated analysis of threat scenarios and reuse of mitigation schemes.
The results also point to gains related to traceability. In [SP33] , authors highlight that Use Cases ensure traceability between requirements and system test cases, and, when tests are generated, it is possible to generate traces back to associated requirements [SP47] . In [SP39] the use of Use Case model is extended to include ranking information associated with each Use Case, and in this way, provides strong traceability and improvement in the understandings of developers and customers.
Some articles indicate that Use Cases facilitate the use of formal verification techniques [SP40] , improve the process of problems/errors identification [SP44] and facilitates the review process [SP47] .
Finally, we have found some advantages related to quality improvement. The effectiveness of Use Cases in improving the comprehension and the quality of the produced requirements specification is reported by [SP16] . The formalization of UCs as Graph Transformation models (GTs) help improve the quality of the Use Cases themselves [SP44] . In [SP47] , the authors describe experiences for creating system test cases using Use Case models. They argue for the application of Use cases in early steps of requirements engineering to ensure the testability of requirements and, by doing that, improve the overall quality of general customer Use Cases. Paper [SP23] presents a quality assessment of Use Cases with the aim to provide previously identified defect data, allowing other industries to avoid the same (or similar) defects.
Three papers did not highlight any advantage [SP7, SP11 and SP14], however, they pointed out some disadvantages (discussed below, in section 4.2).
How have they evolved over time?
The selected studies and the reported benefits are shown in Table 9 , sorted by year. The oldest study was published in 1997 [SP39] . It reports benefits in the categories of analysis and traceability. Since then, we have identified a continuous flow of studies. The year 2008 stands out with the highest quantity of publications reporting advantages, specially the positive effects in estimation (5 studies). Testing  Traceability   1997  SP39  SP39  1999  SP27, SP34  2001  SP29  2002  SP9  SP32  2003  SP1  SP13  2004  SP45  SP45  2005  SP3, SP12, SP25  2006  SP43  SP23  2007  SP42  2008  SP6, SP24, SP26,  SP28, SP36   SP47  SP47  SP24, SP28  SP47   2009  SP4, SP30  2010  SP2, SP31  SP15  2011  SP40  SP10, SP37  SP40  2014  SP35  SP35, SP41  SP41  SP35  2015  SP8  SP5  SP44  SP44  SP33  SP33  2016  SP19, SP22  SP22  2017  SP17  SP38  SP17, SP21  2018  SP20, SP46  SP18, SP46  SP16  SP46  SP18 4.2. Which are the most frequently reported disadvantages/drawbacks of using Use Cases in software development in real-world settings?
Although Use Cases have been widely accepted and effectively used in many software development activities, several drawbacks have been also reported. Eighteen studies, among the selected 47, have reported disadvantages of using Use Cases in different activities of the software development process. Table  10 shows the categories, reference and quantity of studies reporting any disadvantages.
The category of Analysis contains the largest number of studies that report any disadvantage. The study SP7 reported an actor based strategy for identifying and defining Use Cases. However, not all Use Cases for all systems interact with external actors; there are systems that have significant functionality that is not a reaction to an external actor. Embedded control software systems provide a good example for such systems where major control functions are performed without significant external input. This makes the traditional Use Case technique less appropriate for such kinds of systems. They have also reported that the development of Use Cases require a detailed step-by-step guide to create a quality specification. The studies, SP8 and SP9 highlighted issues with the consistency of the terms, and level of detail of the Use Cases. The lack of guidance on how to analyse the roles, i.e. actors, of a subordinate system with respect to another are prone to errors [SP18, SP34 and SP44] . The adoption of Use Cases implies some costs (mainly training costs), because each iteration adds documentation, verification, and test costs [SP39, SP42] .
Six studies reported issues related to Estimation. The studies highlighted the fact that the format and quality of the Use Case model have a direct impact in estimating the development efforts [SP11 and SP29] . Three studies point to the fact that the granularity of the actions [SP14, SP43 and SP45] described in the Use Cases steps were not uniform (some were too abstract and others were too detailed). One study [SP10] highlighted that the unavailability of a standardized format affects the estimation process and suggested that Use Cases have to be characterized in a consistent way. In the testing category, two papers reported that the application of Use Cases require restrictive constraints to ensure the quality of the test cases [SP33] , and have a high cost of adoption and iteration [SP47] . Concerning the Reuse/SPL category, two papers [SP19 and SP22] highlighted that the reusability of the Use Cases is low, require a significant amount of modelling efforts, and suffer from the absence of a methodology that explicitly manages the uncertainty of the modelling of Use Cases at different levels.
The first reported disadvantage (1997) is related to the unavailability of a standard format or step-by-step procedure for authoring Use Cases. In other words, the varied level of details among the Use Cases affects its quality and the process of analysis. The reporting of this disadvantage continued over the years (i.e., 1999, 2002, 2007, 2015 and 2018) . Another disadvantage frequently mentioned, is the granularity when describing Use Case scenarios. This disadvantage of Use Case was reported over several years (2002, 2008 and 2015) , and continued due to the unavailability of an automated Use Case analysis approach. The lack of quality assessment criteria and analysis process/guidelines was another disadvantage reported in 2007, 2002 and 2015. The cost of iterating Use Cases was first reported in 1997, together with their adoption cost. Recently, in 2016, the studies had also highlighted that the modelling effort of Use Cases is high and time-consuming. Table 11 shows the evolution of the number of papers reporting all these disadvantages over the years, clustering by category. 
Which are the industry's domains?
Our study identified a large sample of domains, grouped into seven main categories (Table 12) Figure 2 shows a summary of the identified categories and the quantity of mentions for each one. The first two digits of the categories in Figure 2 reflects the seven main domains reported in Table 12 . The list with the full names of the categories in the GICS standard can be accessed online from [36] . 
Which research types were applied?
We used the classification proposed by Wieringa [39] and have followed the guidelines in [23] to classify the research type reported in the selected papers.
As we were interested in papers reporting real-world experiences, only three research types were considered: evaluation research, experience report and solution proposal. Figure 3 shows the quantity of papers reporting each research type, while Table 13 provides their references.
Figure 3 Distribution of papers by research type
Evaluation research includes two main activities, the problem investigation (hypothesis) and the implementation evaluation (experimentation). Practitioners, describing a personal experience using a specific technique or tool, usually write Experience reports. Finally, Solution proposals argues for the relevance or advantages of a novel technique or tool. Table 2 , in the Introduction section, shows the conditions that papers reporting these types of research should fulfil. Evaluation research  Solution proposal  SP1, SP6, SP7, SP9,  SP10, SP24, SP29,  SP34, SP41.   SP3, SP4, SP5, SP11, SP16, SP18, SP19, SP21,  SP23, SP25, SP28, SP32, SP37, SP38, SP39, SP40,  SP42, SP43, SP44, SP45, SP46, SP47.   SP2, SP8, SP12, SP13, SP14, SP15,  SP17, SP20, SP22, SP26, SP27,  SP30, SP31, SP33, SP35, SP36. It is important to note that the Evaluation Research type requires an empirical evaluation. This evaluation can be done by any of the following methods:
 Industrial Case study,  Controlled experiment with practitioners,  Practitioner targeted survey,  Action research, or  Ethnography.
In general, the quality of the selected papers in this study is high, given the type of research reported. The fact that almost half of the papers (46.8%) applied Evaluation research is a clear symptom of the strong scientific basis, and therefore, of the reliability of the results. On the other hand, the presence of an important percentage of papers reporting Solution proposals (34%), indicate that there are still gaps in the research, and that the application of Use Cases to projects in real world projects is not yet a mature area.
An annoying outcome of this study was the lack of raw data reports. None of the selected papers offered access to this type of information, so the possibility to replicate their studies was drastically reduced.
Were threats to validity reported?
We have used the classification of validity threats in software engineering proposed by Petersen and Gencel [49] , based on the Pragmatic Software Engineering View.
Only 15 (one third) out of the 47 papers analysed, reported validity threats. Figure 4 shows the distribution of the validity threats (categories) reported in the primary studies.
It is important to note that, with the exception of the descriptive category; the other categories are evenly distributed among the selected papers. The report of the descriptive validity, which implies the objective description -without bias-of the characteristics, and especially of the conclusions, is not frequent in the set of selected papers (11.8%). The authors of these papers assume that their interpretations are correct and accurate, and rarely offer verification mechanisms.
Figure 4 Types of validity threats reported
Many authors mention the risk involved in assuming the generalization of their results (38.2%), and are concerned with highlighting those uncontrollable factors that could affect the experience and the results. Finally, we have identified that in eight papers (23.5%) the authors report verification mechanisms to reduce the bias in the derivation of the conclusions, and try to demonstrate the logical relationship between the data and the inferences they have made.
In summary, we think that the quality of the reporting should be improved. The addition of a detailed report about the threats to validity, and how they were eliminated (or their impact was reduced), would improve the overall quality of the paper and facilitates the understanding and interpretation of the data. We believe that the development of a generic template that helps researchers to fill out this kind of reports could be of great help. On the other hand, chief editors of publishing journals can influence on the authors, by encouraging them to include a report of validity threats in their papers, as a prerequisite for publication (as well as a structured Abstract).
Demographic questions
The following subsections present the results of our study regarding the demographic aspects, such as active researchers, organizations and countries, as well as the top publishing venues.
DQ1: Who are the most active researchers?
Based on the analysis of 47 primary studies, we found that 124 researchers have contributed on the Use Case research. For those researchers authoring more than one paper, Table 14 shows the researchers' name and the number of papers in which they have participated. We extracted the affiliation of each author from all the 47 selected studies. As we can see in Figure 5 , the largest number of authors (68.9%) are from the academy arena, with few authors affiliated with both, academia and industry (only 6 entries). Table 15 list the top five academic institutions with the largest presence among the authors' affiliations and the top four in the industry context. The University of Luxembourg is the institution that appeared more frequently among the authors' affiliations, 21 in total, followed by Zhejiang University, with 10. Simula Research Laboratory leads the list among the affiliations considered as industrial, with 13 affiliations. Thirty-seven studies were published in conferences and workshops, and the remaining 10 studies were published in journals.
The findings revealed that there is no a single venue that can be considered as the top one to publish research related to Use Cases. Table 17 shows the top conference publication venues (the remaining venues have only a single count). Regarding to the Journal publication venue, 10 studies were published in 9 different Journals and among them only the "Journal of Systems and Software" had 2 entries, while the others have only a single count. 
Cross analysis
Two aspects stand out when we analysed the domain of industry (RQ3) in which the reported advantages (RQ1) were identified. First, the largest number of studies reports advantages in the area of estimation (10 papers), while most of the papers report experiences in industries related to the domain of Information Technology (IT). On the other hand, this domain of IT is the only one that includes advantages reported in all the categories studied ( Figure 6 , penultimate column).
The financial domain (first column) was the one that presented benefits related to fewer categories (only 2, Analysis and Estimation), however, seven studies (14.9%) reported experiences in this domain. The Health care domain (right side of the graph) presented benefits in three categories, but including only two studies (SP31 and SP46).
Figure 6 Industrial domain and reported advantages
We have analyzed the disadvantages (RQ1) against the domain of industry (RQ3) and found that the largest number of papers reporting drawbacks occurred in the software domain (6 studies, 12.8%) under all of the four categories: analysis, estimation, testing and reuse/SPL. The correlation between the industrial domains and disadvantages reported by the selected studies is shown in Figure 7 . The figure shows that most of the papers reported disadvantages in the analysis category, the disadvantages have been reported in six different domains (exceptions were Textile and Automobile). The less number of papers belongs to the categories of Testing and Reuse/SPL (two papers each, in the Software and Automobile domains). Three domains share the least number of papers reporting disadvantages: Health care (SP18) and Telecommunications (SP34), both in the Analysis category, and Textile (SP11) in the Estimation category. Industrial domain and reported disadvantages
Validity threats
We considered the four types of possible threats to validity mentioned in [49] during the design of the SMS protocol, and mitigated them as follows:
• Descriptive validity: "the extent to which observations are described accurately and objectively" [49] .
To reduce this threat, we designed a DEF that objectively quantifies the data extraction process. By allowing for public access to this DEF, external reviewers can access it and revise the original data. Therefore, we considered this threat to be controlled. The DEF is available online as complementary material.
• Theoretical validity: "the ability of being able to capture what we intend to capture" [49] . Here we considered two activities: o Study identification/sampling: (missed studies). To reduce this threat, we applied four search strategies: 1) automated search, 2) backward and forward snowballing, 3) manual search of publications of the most cited authors and, 4) a manual search of works published in wellknown international conferences. As each search strategy could introduces bias due to the source of data, we argue that this approach leads us to a fair sample of complementary sources. o Data extraction and classification: we apply the protocol detailed in Section 3.
• Interpretive validity: "achieved when the conclusions drawn are reasonable given the data" [49] . We applied the same strategy as that used for data extraction, dividing the work in two halves and having pairs of reviewers performing overlapping analysis. To deal with disagreements, we applied the criteria described in Table 6 .
• Repeatability: "requires detailed reporting of the research process" [49] . We offered a detailed report of the research process and all the data gathered during our study. The detailed protocol in section 3, and the data extraction form, available online for public access, facilitates the repeatability of this study.
In addition, the relatively low number of selected works raise questions about whether the results could be generalized. In particular, after having reviewed our process, we believe that, despite the relatively large body of knowledge on Use Cases, the reported results based on solid evidence are by far scarce. This fact is enhanced by the focus of this research (limited to their application in industrial contexts).
Finally, we invited two external researchers to review and validate our research protocol (section 3) in order to obtain feedback and opportunities for improvement. The output of this external review was a template, adapted from [23] , to conduct a self-assessment of the work done to "systematically develop" this SMS. The template can be used as a self-evaluation tool, to help authors check whether their methodology has been done correctly (see Appendix II).
Conclusions and future work
This paper has presented a systematic mapping study on the application of Use Cases in real world projects. Our work identified reported advantages of using Use Cases in 8 categories and 7 industrial domains. The category with the highest number of reported advantages was Estimation, and the most cited industry domain was Information Technology. The earliest study identifying advantages due to the application of Use Cases was published in 1997, and since then, we can observe a continuous flow of studies reporting positive outcomes.
On the other hand, the reported drawbacks of using Use Cases were classified in four different categories. Specifically, the larger number of disadvantages were reported under the Analysis and Estimation categories. The two most mentioned disadvantages were the granularity of describing scenarios and lack of analysis guidelines/processes. Many authors reported issues such as inconsistency, incorrectness, and incompleteness, associated to the use of natural language when specify Use Cases. Several efforts have been made to formalize (or restrict) the specification of requirements by means of Use Cases documentation, but the lack of a standard format and their heterogeneous granularity is a concern that still needs to be addressed. Additionally, the availability of quality assessment criteria and the automated analysis of Use Cases would make them more reusable, maintainable and applicable in different stages of the development process.
Twenty-two works (47%) applied evaluation research as defined in [39] . This type of research implies use in practice and empirical evaluation, which implies a high level of quality in the reported research. Nine works (19%) were experience reports, in which the evaluation mechanism is not always reported. We believe that these percentages reflect a good level of scientific quality in the set of papers selected for this study. More research is needed to enforce the application of higher quality research approaches (guidelines, examples, data repositories, reporting templates and so on).
Although it is nice to highlight the positive outcomes of a technique or a solution proposal, we believe that it is more important, for researchers and professionals, to be warned of the negatives. Our study can serve as a guide for professionals to make better decisions, knowing in advance the possible negative effects of the technique they plan to apply. On the other hand, researchers can find inspiration to initiate studies aimed at solving current problems.
Some open issues for future research include:
-To conduct a systematic literature review to deepen the knowledge about the processes where Use Cases have been applied and how the benefits were measured (metrics). -The number of selected works for this study is small. This provides an opportunity to investigate the development of simpler protocols that can be used in industry to gather relevant data in an easier way, while applying rigorous methods.
-Develop and validate a model suitable to link Use Case advantages to economic values (strategic or financial). -We found that the standard taxonomy for industrial domains is not well suited for software engineering. It was difficult to classify some applications, and many of the categories were never used. An interesting future work can be the development of a taxonomy of industrial domains more appropriate for software engineering and software development projects. -Another interesting proposal for future work is to develop a "standard" template to report validity threats (according to the research method applied), to facilitate this task to researchers and increase the scientific rigor of their reports.
